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2. Conceptual Framework: prospects for bridging micro- and macro-
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ĂĚĞƐŝŐŶďĂƐĞĚ ƚŚĞŽƌĞƟĐĂů ĨƌĂŵĞǁŽƌŬ ĨŽƌŽƌŐĂŶŝǌĂƟŽŶĂů ĐŚĂŶŐĞďǇĐŽŶĚƵĐƟŶŐ ůŽŶŐ



































































































































Tangible and intangible 
infrastructures
C hallenges
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there is increased outsourcing of external services and design resource to gain specialized 
ŬŶŽǁůĞĚŐĞ;ƚĞƔĞƚĂů͕͘ϮϬϭϱ͖>ĞĂŝŶĞƚĂů͕͘ϮϬϭϬ͖WĞƌŬƐĞƚĂů͕͘ϮϬϬϱͿ͘dŚŝƐŚĂƐƉŽƚĞŶƟĂů
ďĞŶĞĮƚƐƐƵĐŚĂƐŝŵƉƌŽǀĞĚŽƵƚƉƵƚƋƵĂůŝƚǇ͕ ƌĞĚƵĐĞĚŽǀĞƌŚĞĂĚƐĂŶĚƉƌŽũĞĐƚƟŵĞ͘,ŽǁĞǀĞƌ͕ 
there is a fear of lost control when outsourcing these services due to design’s intangibility, 
ƵŶĐĞƌƚĂŝŶƚǇĂŶĚĐŽŶĐĞƌŶƐŽǀĞƌŝŶƚĞůůĞĐƚƵĂůƉƌŽƉĞƌƚǇ;ƚĞƔĞƚĂů͕͘ϮϬϭϱ͖dǁŝŐŐ͕ϭϵϵϴͿ͘dŚƵƐ͕Ă
ŬĞǇŝƐƐƵĞǁŝƚŚŝŶEWŝƐƵŶĚĞƌƐƚĂŶĚŝŶŐǁŚŽĂŶĚǁŚĞŶƐŚŽƵůĚďĞŝŶǀŽůǀĞĚŝŶĚĞĐŝƐŝŽŶͲŵĂŬŝŶŐ
















studying how the industry landscape is composed becomes increasingly important to 
understand where these value tensions arise from and how they can be addressed.
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models to help recognise stages and factors for FMCG design management in NPD (Bruce & 
ĂůǇ͕ ϮϬϬϳ͖^ŝŵŵƐΘdƌŽƩ͕ϮϬϭϬ͕ϮϬϭϰĂ͖sĂǌƋƵĞǌĞƚĂů͕͘ϮϬϬϯͿ͘sĂǌƋƵĞǌĂŶĚƌƵĐĞ;ϮϬϬϮͿĂŶĚ
Vazquez et al. (2003) provide insight into various stages of design management processes 
ŝŶŝƟĂůůǇŚŝŐŚůŝŐŚƟŶŐŬĞǇƉƌŽĐĞĚƵƌĂůƉƌŽƚŽĐŽůƚŽďĞŐŝŶƚŽŝĚĞŶƟĨǇƐŽŵĞŽĨƚŚĞŝŶĚŝǀŝĚƵĂůƐĂŶĚ
EWƐƚĂŐĞͲŐĂƚĞƐ͘^ŝŵŵƐĂŶĚdƌŽƩ;ϮϬϭϰͿƉƌĞƐĞŶƚĂ͚'ƌŽƵŶĚĞĚ&ƌĂŵĞǁŽƌŬĨŽƌWĂĐŬĂŐŝŶŐ






















a UK context. This paper provides researchers, designers, design managers and other FMCG 
NPD professionals with an expanded understanding and clear mapping of the wider context 



















been used in various academic and industry contexts, by researchers, recruiters and hiring 
ŵĂŶĂŐĞƌƐĂƐĂƚŽŽů͕ĨŽƌĚĂƚĂĐŽůůĞĐƟŽŶŽĨƉƌŽĮůĞŝŶĨŽƌŵĂƟŽŶ͕ĂŶĂůǇƐŝƐŽĨƉƌŽĮůĞĐŽŶƚĞŶƚƐĂŶĚ







































































^ϭ;ŶсϭϬϬͿ ͚WĂĐŬĂŐŝŶŐ͕͛ ͚ĞƐŝŐŶ͕͛ ͚&D'͕͛ ͚hŶŝƚĞĚ<ŝŶŐĚŽŵ͛ ϭϬ͕ϲϳϭƉƌŽĮůĞƐ




















































Product & Technical 
KƌŝĞŶƚĂƚĞĚ
Technologists, 
Developers & Managers 
(T)
dŚĞƉƌŽĨĞƐƐŝŽŶĂůŝƐŶŽƚĂĚĞƐŝŐŶƉƌĂĐƟƟŽŶĞƌ͕ ŚĂƐ




















enhance quality and accuracy of the data for analysis. In some cases, Americanisms and 
acronyms were use which had to be interpreted. These were matched with their appropriate 
ĂƐƐŽĐŝĂƚĞĚƉŚƌĂƐĞƐĂŶĚƚĞƌŵƐ͘EŽĐůƵƐƚĞƌŝŶŐŽĨƐĞŵĂŶƟĐĂůůǇƐŝŵŝůĂƌƚĞƌŵƐƚŽĐƌĞĂƚĞ







larger sub-categories into a smaller, more easily manageable number ;,ƐŝĞŚĂŶĚ^ŚĂŶŶŽŶ͕

















professionals within the UK FMCG industry.
dŚƌŽƵŐŚŽƵƚƚŚĞŶĂƌƌĂƟǀĞŽĨĮŶĚŝŶŐƐ͕ƉĂƌƟĐŝƉĂŶƚƉƌŽĮůĞƐƌĞĨĞƌĞŶĐĞƐĂƌĞƉƌĞƐĞŶƚĞĚƚŽ
ƐƵƉƉŽƌƚƚŚĞƐƚĂƚĞŵĞŶƚƐǁŚŝĐŚĂƌĞŵĂĚĞƵƐŝŶŐƚŚĞĐŽĚŝŶŐƐǇƐƚĞŵŚŝŐŚůŝŐŚƚĞĚŝŶ^ĞĐƟŽŶϯ͘Ϯ͘
This meta-data repository can be requested and will be made available to view providing 
ŐƌĞĂƚĞƌŝŶƐŝŐŚƚŝŶƚŽƚŚĞƉƌŽĮůĞƐĚŽĐƵŵĞŶƚĞĚ͘&ŝŐƵƌĞϰƐƵŵŵĂƌŝƐĞƐƚŚĞŬĞǇĐĂƚĞŐŽƌŝĞƐŽĨ

































3D structural design. For example, with 
emphasis on 3D modelling, CAD, design 
for manufacture and industrial design.




































ĞƐŝŐŶŶŐŝŶĞĞƌ͛(S1:91; S2:09),͚ĞƐŝŐŶĞƌ͛;^Ϯ͗ϮϲͿ or͚dĞĐŚŶŝĐĂůĞƐŝŐŶĞƌ͛;^Ϯ͗ϳϱ͕ϳϲͿ 

























































Supervise design projects and manage 
ĐƌĞĂƟǀĞƚĞĂŵƐ͘^ƵƉƉůĞŵĞŶƚĂƌǇĚĞƐŝŐŶǁŽƌŬ
ĂĐƟǀŝƟĞƐŵĂǇďĞƌĞƋƵŝƌĞĚƚŽďĞƵŶĚĞƌƚĂŬĞŶ









are met, performance quality and trailing, 
ƐƵƉƉůŝĞƌůŝĂŝƐŽŶ͕ƉĂĐŬĂŐŝŶŐƉƌŽĐƵƌĞŵĞŶƚ





























management driven roles to facilitate the design process. These were also responsible for 
ĐƌĞĂƟŶŐ͕ƌĞĂůŝƐŝŶŐĂŶĚĐŽŵŵƵŶŝĐĂƟŶŐĐƌĞĂƟǀĞϮĂŶĚϯĚĞƐŝŐŶďƌŝĞĨƐƚŽĂĚĞƐŝŐŶƚĞĂŵ
ĂŶĚĂŝĚŝŶŐŝŶĚĞƐŝŐŶƌĂƟŽŶĂůĞ͕ĐůŝĞŶƚƉƌĞƐĞŶƚĂƟŽŶƐĂƐǁĞůůĂƐĚĂǇͲƚŽͲĚĂǇĚĞƐŝŐŶǁŽƌŬ͘dŚĞǇ
ĂƉƉĞĂƌĞĚƚŽŚŽůĚƉƌĞǀŝŽƵƐĞǆƉĞƌŝĞŶĐĞĂƐĚĞƐŝŐŶƉƌĂĐƟƟŽŶĞƌƐ;^ĞĐƟŽŶϱ͘ϭ) up to senior 
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ƐŽŵĞŽĨƚŚĞĮŶĚŝŶŐƐďǇ^ŝŵŵƐΘdƌŽƩ;ϮϬϭϰĂƉ͘ϮϬϮϬͿ regarding NPD and R&D members 
with focus on core product and technical related issues. These individuals reported to have 
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advising on supply chain, manufacturing, 
ƉĂĐŬĂŐŝŶŐŵĂĐŚŝŶĞƌǇ͕ ƉƌŽĐƵƌĞŵĞŶƚ͕




















within degree-based courses including food science and technology, agricultural science 
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approach to PD&D included roles such as ͚WĂĐŬĂŐŝŶŐdĞĐŚŶŽůŽŐŝƐƚƐ͛;^ϭ͗Ϭϱ͕ϭϮ͕ϭϯ͕ϭϱͿ


























understanding industry dynamics in both industry and academic literature i.e. meta-level 
indicators (Design Council, 2007, 2018; Moultrie & Livesey, 2009; PricewaterhouseCoopers, 















ƐƟůůƐĞĞŶĂƐĂŶŝĐĞͲƚŽͲŚĂǀĞ͕ŶŽƚĐŽƌĞƚŽďƵƐŝŶĞƐƐ͍͛(Bruce & Daly, 2007)Žƌ͚ǁŚǇĂƌĞƚŚĞ
ďƵƐŝŶĞƐƐĐĂƐĞĂƌŐƵŵĞŶƚƐƌĞůĂƚĞĚƚŽƉĂĐŬĂŐŝŶŐĚĞƐŝŐŶĂůǁĂǇƐŐĞĂƌĞĚƚŽǁĂƌĚƐĐŽƐƚͲƐĂǀŝŶŐƐŝŶ
materials and infrastructure ;^ŝŵŵƐΘdƌŽƩ͕ϮϬϭϰď͕ϮϬϭϰĂͿ2005; Silayoi & Speece, 2004 and 
ŶŽƚƉŽƚĞŶƟĂůůŽƐƚŝŶŝŶĐƌĞĂƐĞĚƐĂůĞƐĂƚƉŽŝŶƚͲŽĨͲƐĂůĞĐŽŶǀĞƌƐŝŽŶǀĂůƵĞ͍͛(Clement et al., 2015; 






























internally or to outsource externally.
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of internal teams of retailers and product manufacturers whose role are to ͚ĐŚĂŵƉŝŽŶ͛the 
ŝŵƉůĞŵĞŶƚĂƟŽŶŽĨWΘǁŝƚŚŝŶƚŚĞŝƌƌĞƐƉĞĐƟǀĞŽƌŐĂŶŝƐĂƟŽŶƐ͘tĞĂƌŐƵĞƚŚĞŝƌƉƌĞǀĂůĞŶĐĞ
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Abstract: tŝƚŚ ƐŝŐŶŝĮĐĂŶƚ ŝŶĐƌĞĂƐĞ ŝŶ ŵŽďŝůĞ ŽŶůŝŶĞ ƐŚŽƉƉŝŶŐ ƚŚĞ ĚĞƐŝŐŶ ŽĨ ƵƐĞƌ
ĞǆƉĞƌŝĞŶĐĞƐ ƚŚĂƚƉƌŽŵŽƚĞƉƵƌĐŚĂƐĞƌĚĞĐŝƐŝŽŶƐĂŶĚ ŝŶĐƌĞĂƐĞƐĂůĞƐ ŝƐŚŝŐŚůǇĚĞƐŝƌĂďůĞ









































































































































































































































Layout Metaphor 0-5k 5k-10k 10k-15k 15k-20k 20k-25k 25k-30k 30k +
^ǇŵŵĞƚƌŝĐĂůDĂƚƌŝǆ 2 ϯ Ͳ ϯΎ Ͳ Ͳ 2
ƐǇŵŵĞƚƌŝĐĂůDĂƚƌŝǆ ϭ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
>ĂƌŐĞWƌŽĚƵĐƚ Ͳ Ͳ Ͳ ϭΎ Ͳ Ͳ Ͳ

























































































































































































































































































































































Nicholas Vanderschantz ŝƐ Ă ^ĞŶŝŽƌ >ĞĐƚƵƌĞƌ Ăƚ ƚŚĞ hŶŝǀĞƌƐŝƚǇ





ƚŚĞ hŶŝǀĞƌƐŝƚǇ ŽĨ tĂŝŬĂƚŽ͘ EŝĐŽůĞ Ɛ͛ ŵĂƐƚĞƌ Ɛ͛ ƌĞƐĞĂƌĐŚ ŝŶǀĞƐƟŐĂƚĞĚ
ƵƐĞƌ ƉƌĞĨĞƌĞŶĐĞƐ ĂŶĚ ƵƐĞƌ ĞǆƉĞƌŝĞŶĐĞ ĚĞƐŝŐŶ ƉƌĂĐƟƐĞƐ ĨŽƌ ŵŽďŝůĞ
ĞͲĐŽŵŵĞƌĐĞ ŝŶƚĞƌĨĂĐĞƐ͘ ,Ğƌ ĐĞŶƚƌĂů ƌĞƐĞĂƌĐŚ ĨŽĐƵƐĞƐ ŽŶ ƚŚĞ






























ĚŽĐƵŵĞŶƚĞĚ ĂŶĚ ĂŶĂůǇƐĞĚ ƚŚĞ ǁŽƌŬƐŚŽƉ͕ ĂŶĚ͕ ďĂƐĞĚ ŽŶ ƚŚĞ ĮŶĚŝŶŐƐ͕ ǁĞ ƉƌŽƉŽƐĞ
ĚĞƐŝŐŶ ĐŽŶƐŝĚĞƌĂƟŽŶƐ ĨŽƌ ĚĞƐŝŐŶŝŶŐ ǁĞĂƌĂďůĞ ĐŽŵŵƵŶŝĐĂƟŽŶ ĚĞǀŝĐĞƐ ƚŽ ƐƵƉƉŽƌƚ






























































































Wϭ F 38 D 38 h< ϭϰ DĂƌƌŝĞĚ ϳ
WϮ F ϭϵ F ϭϴ ŚŝŶĂ 3 ĂƟŶŐ ϳ
Wϯ D 40 F 33 ƐƚŽŶŝĂ ϭϬ DĂƌƌŝĞĚ 48
Wϰ F Ϯϲ D Ϯϵ ĞůŐŝƵŵ ϭ ŶŐĂŐĞĚ ϭϮ
Wϱ F 20 D 22 EĞƚŚĞƌůĂŶĚƐ ϰ͘ϱ ĂƟŶŐ 48
Wϲ F Ϯϭ D Ϯϭ &ƌĂŶĐĞ ϱ ĂƟŶŐ 8
Wϳ D 23 F 23 :ĂƉĂŶ 3 ŶŐĂŐĞĚ ϭϮ
Wϴ D ϰϱ F ϱϮ 'ĞƌŵĂŶǇ ϭϮ DĂƌƌŝĞĚ ϭϬϴ
Wϵ F 24 D 23 &ŝŶůĂŶĚ ϯ͘ϱ ĂƟŶŐ 24
WϭϬ F Ϯϱ D Ϯϭ ZƵƐƐŝĂ 3 DĂƌƌŝĞĚ ϲ
Wϭϭ F Ϯϲ D ϰϭ ZƵƐƐŝĂ ϳ DĂƌƌŝĞĚ 24












































































































































































































































































































































































































sŝƐƐĞƌ͕ &͘ ^͕͘^ƚĂƉƉĞƌƐ͕W͘ :͕͘sĂŶĚĞƌ>ƵŐƚ͕Z͕͘Θ^ĂŶĚĞƌƐ͕͘͘;ϮϬϬϱͿ͘ŽŶƚĞǆƚŵĂƉƉŝŶŐ͗ĞǆƉĞƌŝĞŶĐĞƐ
ĨƌŽŵƉƌĂĐƟĐĞ͘ŽĞƐŝŐŶ͕1;ϮͿ͕ϭϭϵͲϭϰϵ͘
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ƐƵƉƉŽƌƚŶĞǁĂŶĚƉŽƐŝƟǀĞŚƵŵĂŶĞǆƉĞƌŝĞŶĐĞƐ͘
Pradthana Jarusriboonchai ŝƐ Ă ƐĞŶŝŽƌ ƌĞƐĞĂƌĐŚĞƌ ǁŝƚŚ Ă ĐŽŵƉƵƚĞƌ
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>ĂƉůĂŶĚ͕ &ŝŶůĂŶĚ͕ ĂŶĚ ĂŶ ĂĚũƵŶĐƚ ƉƌŽĨĞƐƐŽƌ ĨŽƌ ĐŽŵƉƵƚĞƌ ƐĐŝĞŶĐĞ Ăƚ
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users͘tŝƚŚĂƉƉƌŽĂĐŚĞƐƐƵĐŚĂƐŝŶƚĞƌǀŝĞǁŽƌĨŽĐƵƐŐƌŽƵƉ͕ƌĞƐĞĂƌĐŚĞƌƐĂƐŬŽƵƌŝŶĨŽƌŵĂŶƚƐƚŽ














ƐƚŽƌǇƚĞůůŝŶŐ ĂŶĚ ĚĂƚĂ ĂŶĂůǇƐŝƐ ŝŶ Ă ƵƐĞƌ ƐƚƵĚǇ͘ /ƚ ĐĂƉƚƵƌĞƐ ƉĂƌƟĐŝƉĂŶƚƐ͛ ƐƚŽƌǇƚĞůůŝŶŐ
ŽĨ ƉƌŽůŽŶŐĞĚ ŝŶƚĞƌĂĐƟǀĞ ĞǆƉĞƌŝĞŶĐĞ͘ dŚƌŽƵŐŚ ŽƵƌ ƌĞƐĞĂƌĐŚ ƚƌŝĂů͕ ǁĞ ĚĞŵŽŶƐƚƌĂƚĞ
ƚŚĞƉŽƚĞŶƟĂůƐ ƚŽ ƵƐĞ ƚŚĞƟŵĞůŝŶĞ Ɛ͛ ǀŝƐƵĂů ƌĞƉƌĞƐĞŶƚĂƟŽŶ ĨŽƌ ĂŶĂůǇƟĐĂů ƉƵƌƉŽƐĞƐ ĂƐ
ǁĞůůĂƐĐƌĞĂƟŶŐĂĐĐƵŵƵůĂƟǀĞŬŶŽǁůĞĚŐĞ͘dŚĞŶŽǀĞů ĐŽŶƚƌŝďƵƟŽŶŽĨ ƚŚŝƐƉƌŽƉŽƐĂů ŝƐ
Ă ĐŽŵƉůĞŵĞŶƚĂƌǇ ƌĞƐĞĂƌĐŚ ŵĞƚŚŽĚ ƚŽ ŵĂŶǇ ǁĞůůͲĞƐƚĂďůŝƐŚĞĚ ůŽŶŐŝƚƵĚŝŶĂů ƌĞƐĞĂƌĐŚ

















literature ƐƵĐŚĂƐŐƌŽƵƉƐƚŽƌǇƚĞůůŝŶŐ ;<ĂŶŬĂŝŶĞŶĞƚĂů͘ϮϬϭϮͿ͕ƉƌŽĚƵĐƚŚŝƐƚŽƌǇ͕ ĂŶĚĐŚĂŶŐĞƐŽĨ
ƵƐĞƌĞǆƉĞƌŝĞŶĐĞŽǀĞƌƟŵĞ͕ǁĞƐƵŐŐĞƐƚĞĚƵƐŝŶŐĂĐƌŝƟĐĂůĂŶĂůǇƐŝƐŽĨƵƐĞƌĞǆƉĞƌŝĞŶĐĞŽǀĞƌƟŵĞ














/ƚŝƐŝŵƉŽƌƚĂŶƚƚŽĂĚĚƌĞƐƐŚĞƌĞƚŚĂƚǁĞƉĂǇƐƉĞĐŝĂůĂƩĞŶƟŽŶƚŽenrich longitudinal research 
methods in HCI͘tĞĂŝŵĞĚĂƚƌĞŇĞĐƟŽŶĂŶĚŝƚĞƌĂƟŽŶĨŽƌĨƵƚƵƌĞŵĞƚŚŽĚŝŵƉůĞŵĞŶƚ͘ On 
ƚŚĞŽƚŚĞƌŚĂŶĚ͕ƚŚĞƵŶĚĞƌƐƚĂŶĚŝŶŐŽĨĂĐĂƌĞĨƵůůǇĐŚŽƐĞŶŝŶƚĞƌĂĐƟǀĞĞǆƉĞƌŝĞŶĐĞŽǀĞƌƟŵĞ͕ 






























































































































ƐƉĞĐŝĞƐ͕ĨĂŵŝůŝĞƐ͕ŽƌĂŐĞŶƌĞŽĨĂƌƟĨĂĐƚƐ͕ƐƵĐŚĂƐĂƌǁŝŶ Ɛ͛ ĚŝĂŐƌĂŵĨŽƌƚŚĞŽƌŝŐŝŶŽĨspecies 







ĚƌĂǁŶŽŶĮĞůĚƐĂƐĚŝǀĞƌƐĞĂƐŐĞŽŐƌĂƉŚǇ͕ ŐĞŶĞĂůŽŐǇ͕ ŵƵƐŝĐ͕ĚƌĂǁŝŶŐ͕ĐĂůůŝŐƌĂƉŚǇ and weaving 
ƚŽĂƌŐƵĞĨŽƌƚŚĞďĞŶĞĮƚƐŽĨƚŚŝŶŬŝŶŐŝŶƚĞƌŵƐŽĨŝŶƚĞƌǁŽǀĞŶĐŽŶƟŶƵŽƵƐůŝŶĞƐ rather than 
ĚŝƐĐƌĞƚĞŶĞƚǁŽƌŬƐ͟[ĞŵƉŚĂƐŝƐĂĚĚĞĚ΁;ĞŶĨŽƌĚĞƚĂů͘ϮϬϬϵͿ͘dŚĞŝƌ diagrams compared the 
ƐƚŽƌǇƟŵĞĂŶĚ;^dͿĂŶĚĐůŽĐŬƟŵĞ;dͿ͕ǁŚŝĐŚĐĂŶďĞƵƐĞĚƚŽĚĞŵŽŶƐƚƌĂƚĞthe authors͛ 





ŽĨŵĞĐŚĂŶŝĐĂůǁĂƚĐŚĂƐũĞǁĞůůĞƌǇ͕ the ĨĂŝůŝŶŐƚŽƵƐĞƚŚĞĞůĞĐƚƌŽŶŝĐǁĂƚĐŚĂƐũĞǁĞůůĞƌǇ͕ the 

















ŌĞƌthe literature review͕ we are encouraged that visual ƌĞƉƌĞƐĞŶƚĂƟŽŶs do help 
communicate academic arguments. We ƚŚĞŶƋƵĞƐƟŽŶŝĨ,/researchers can use ĞƐƚĂďůŝƐŚĞĚ










ĂŶŶŽƚĂƟŽŶƐ͟ďǇ,ƵĂŶŐĂŶĚ^ƚŽůƚĞƌŵĂŶ͕ǁŚŝĐŚĚĞƐĐƌŝďĞƐ changes in internal 
ĨƵŶĐƟŽŶ͕ĞǆƚĞƌŶĂůŝŶƚĞƌĨĂĐĞ͕ĂŶĚƚŚĞuse goalsĨŽƌŵŽďŝůĞƉŚŽƚŽŐƌĂƉŚǇ͍,Žǁ
ĂďŽƵƚĐŽŶĚƵĐƟŶŐƌĞƐĞĂƌĐŚĂŐĂŝŶǁŝƚŚƚŚĞƐĂŵĞƚŽƉŝĐ͕ƌĞƉůŝĐĂƚĞƚŚĞŽƌŝŐŝŶĂů





ũŽƵƌŶĞǇ͘^ĞĐŽŶĚ͕ǁĞĂĚĂƉƚĞĚ ,ƵĂŶŐĂŶĚ^ƚŽůƚĞƌŵĂŶ Ɛ͛ĂŶĂůǇƐŝƐ;,ƵĂŶŐĂŶĚ^ƚŽůƚĞƌŵĂŶϮϬϭϮͿ 
ŝůůƵƐƚƌĂƟŶŐ the changes ĨŽƌ anŝŶƚĞƌĂĐƟǀĞƉƌŽĚƵĐƚĂŶĚƵƐĞŝƚĂƐĂƌĞĨĞƌĞŶĐĞŝŶƚŚĞŐƌŽƵƉ
ƐƚŽƌǇƚĞůůŝŶŐ͘dŚŽƐĞƚǁŽƉƵďůŝƐŚĞĚƌĞƐĞĂƌĐŚĐĂŶďĞan ŝĚĞĂůƌĞĨĞƌĞŶĐĞĨŽƌ ĞǆƉůŽƌŝŶŐŝŶƚĞƌĂĐƟǀĞ
experience ŽǀĞƌƟŵĞ͕ƚŚƌŽƵŐŚĚĞƐĐƌŝďŝŶŐ the changes in ĂƉƌŽĚƵĐƚŽƌĂƐĞƌǀŝĐĞũŽƵƌŶĞǇ.
/ŶƉĂƌƟĐƵůĂƌ͕ ,ƵĂŶŐĂŶĚ^ƚŽůƚĞƌŵĂŶ Ɛ͛ ĂŶĂůǇƐŝƐŽĨŵŽďŝůĞƉŚŽƚŽŐƌĂƉŚǇĞǆƉĞƌŝĞŶĐĞprovided a 





















































or ŝŶƚĞƌĨĂĐĞ. WĂƌƟĐŝƉĂŶƚƐŵŝŐŚƚalso report changes ĨƌŽŵ ƌĞůĂƚĞĚŝŶƚĞƌĂĐƟǀĞ
products.





















ƉŚǇƐŝĐĂůďƵƩŽŶŽƌmechanism to ĂĐƟǀĂƚĞ ƉŚŽƚŽƚĂŬŝŶŐ͕ƐŚƵƩĞƌƐŽƵŶĚ͕ƐƚŽƌĂŐĞ.
• Changes of use quality ƐƵĐŚĂƐŚŽǁƚŽƚƌĂŶƐĨĞƌŽƌƐŚĂƌĞƉŚŽƚŽƐ͕ƚŚĞĚŝīĞƌĞŶƚ 
ƌĞƐŽůƵƟŽŶŽĨƉŚŽƚŽƐ͕ŚŽǁƚŽƌĞƚŽƵĐŚŽƌĞĚŝƚƚŚĞƉŚŽƚŽƐ͘
DĂŶǇĚĞƐĐƌŝďĞĚŵŽŵĞŶƚƐďĞůŽŶŐĞĚƚŽƚŚĞƐĂŵĞĂƐƉĞĐƚŽĨŵŽďŝůĞƉŚŽƚŽŐƌĂƉŚǇĞǆƉĞƌŝĞŶĐĞ; 
ĂƐĂƌĞƐƵůƚ͕ƚŚĞĨĂĐŝůŝƚĂƚŽƌƐpromptedƚŚĞƉĂƌƟĐŝƉĂŶƚƐƚŽgroup and arrange those moments 























































WƌĂŶŬŽƚŚĞƌƉĞŽƉůĞǁŝƚŚƌĂŶĚŽŵŵŽďŝůĞƉŚŽƚŽ;ůƵĞƚŽŽƚŚͿ͗ there was a discussion thread 























ϭ͘ dŚĞƌĞĨĞƌĞŶĐĞƟŵĞůŝŶĞ ĞǆĞŵƉůŝĮĞƐ,ƵĂŶŐĂŶĚ^ƚŽůƚĞƌŵĂŶ Ɛ͛ŽƌŝŐŝŶĂůĂŶĂůǇƐŝƐ
ŽĨĮǀĞĐƌŝƟĐĂůŵŽŵĞŶƚƐŝŶƚŚĞŚŝƐƚŽƌǇŽĨŵŽďŝůĞƉŚŽƚŽŐƌĂƉŚǇ͕ ĂŶĐŚŽƌŝŶŐƚŚĞŝƌ
ƚĞŵƉŽƌĂůƉŽƐŝƟŽŶƐ͘








could compare ĚŝīĞƌĞŶƚ moments and stories across the ƟŵĞůŝŶĞsĂŶĚŚĂǀĞĂƌĞĨĞƌĞŶĐĞŽĨ 
temporal order.

































































































ŽĨƵƐĞ͕ŵĂƉƉŝŶŐǀĂƌŝŽƵƐ ƟŵĞůŝŶĞƐ͕ŵŽŵĞŶƚƐĂŶĚƚŽůĚ useƐƚŽƌŝĞƐ͘&ŽƌĨĞůůŽǁ researchers͕ 
this ŵĂƉŝƐŇĞǆŝďůĞ to add new elements. &Žƌexample͕ĞĂĐŚƟŵĞůŝŶĞĐĂŶďĞĂŶĞǁƐƚĂƌƟŶŐ
ƉŽŝŶƚŝŶĨƵƚƵƌĞƌĞƐĞĂƌĐŚŽƌĚĞƐŝŐŶƉƌĂĐƟĐĞƐ͘tĞĐĂŶƉŝĐŬĂƟŵĞůŝŶĞ͕ƐƵĐŚĂƐĐĂŵĞƌĂŵŽĚƵůĞ
ŽƌĚĂƚĂƚƌĂŶƐĨĞƌͬƐƚŽƌĂŐĞ͕ĂŶĚƵƐĞŝƚĂƐĂŶĞǁƌĞĨĞƌĞŶĐĞƟŵĞůŝŶĞĨŽƌĨƵƚƵƌĞĂƌĞƚƌŽƐƉĞĐƟǀĞ














ĂŶĂůǇƟĐĂů,/ƌĞƐĞĂƌĐŚŝŶĂǁĂǇƚƌĂŶƐĨŽƌŵŝŶŐit into a research procedure in new studies. 
Our proposed method ŚĂƐƚŚĞƉŽƚĞŶƟĂůassisting comparison among similar studies͗ŶĞǁ
ƌĞƚƌŽƐƉĞĐƟǀĞƵƐĞƌƌĞƐĞĂƌĐŚcan ďƵŝůĚŽŶƉƌŝŽƌĐƌŝƟĐĂůĂŶĂůǇƐŝƐ͕ǁŚŝĐŚƌĞƐŽŶĂƚĞƐŽƌĐŽŶƚƌĂƐƚƐ








































































































ƌŝŬ ^ƚŽůƚĞƌŵĂŶ ŝƐ WƌŽĨĞƐƐŽƌ ŝŶ /ŶĨŽƌŵĂƟĐƐ ĂŶĚ ^ĞŶŝŽƌ ǆĞĐƵƟǀĞ
ƐƐŽĐŝĂƚĞĞĂŶ͕ ^ĐŚŽŽů ŽĨ /ŶĨŽƌŵĂƟĐƐ͕ ŽŵƉƵƟŶŐ͕ ĂŶĚŶŐŝŶĞĞƌŝŶŐ͕
/ŶĚŝĂŶĂhŶŝǀĞƌƐŝƚǇůŽŽŵŝŶŐƚŽŶ͕h͘^͕͘ĂŶĚƉƌŽĨĞƐƐŽƌ͕ /ŶƐƟƚƵƚĞŽĨĞƐŝŐŶ͕


































ǀŝĚĞŽ ĂŶĂůǇƐŝƐ͕ ĚŝƐĐŽƵƌƐĞ ĂŶĂůǇƐŝƐ ĂŶĚ ƐŽĐŝĂů ŶĞƚǁŽƌŬ ĂŶĂůǇƐŝƐ͘ dŚĞ ƉĂƉĞƌ ƉƌŽǀŝĚĞƐ
ĂŶŽǀĞƌǀŝĞǁŽĨƚŚĞƚŚĞŽƌĞƟĐĂůĨŽƵŶĚĂƟŽŶƐŽĨ^DĂŶĚŝůůƵƐƚƌĂƚĞƐŝƚďǇŵŽĚĞůůŝŶŐĂŶ





















































































































































Ɖϭ;ƚĞĂůĞĂǀĞƐŇŽǁͿ ,ƵŵĂŶ͕ĐƵƉ͕ǁĂƚĞƌ͕ ƚĞĂďĂŐǁƌĂƉ͕ƚĞĂďĂŐ͕ƐĂƵĐĞƌ͕ ƚĞĂůĞĂǀĞƐ͕ƐƉŽŽŶ͘
ƉϮ;ǁĂƚĞƌŇŽǁͿ ,ƵŵĂŶ͕ŬĞƩůĞ͕ĐƵƉ͕ǁĂƚĞƌ͕ ƚĞĂďĂŐ͕ƐĂƵĐĞƌ͕ ƚĞĂůĞĂǀĞƐ
Ɖϯ;ďŽŝůŝŶŐͿ ,ƵŵĂŶ͕ŬĞƩůĞ͕ǁĂƚĞƌ͘
Ɖϰ;ďƌĞǁŝŶŐͿ ,ƵŵĂŶ͕ĐƵƉ͕ǁĂƚĞƌ͕ ƚĞĂďĂŐ͕ƐĂƵĐĞƌ͕ ƚĞĂůĞĂǀĞƐ͕ƐƉŽŽŶ͘








































Ɖϯ;ďŽŝůŝŶŐͿ WĂƌƟĐŝƉĂŶƚ ƌƟĐƵůĂƚŽƌǇ <ŝŶĞƟĐ ^ĞŶƐŽƌǇ ZĞŐƵůĂƚŽƌǇ ^ǇŵďŽůŝĐ
,ƵŵĂŶ X X X X X
<ĞƩůĞ X X X X X






Ɖϱ;ŵŝǆŝŶŐͿ WĂƌƟĐŝƉĂŶƚ ƌƟĐƵůĂƚŽƌǇ <ŝŶĞƟĐ ^ĞŶƐŽƌǇ ZĞŐƵůĂƚŽƌǇ ^ǇŵďŽůŝĐ
,ƵŵĂŶ X X X X X
ƵƉ X X X
tĂƚĞƌ X X X X
dĞĂďĂŐ X X X X
^ĂƵĐĞƌ X X X













































































































































































































ďƐŽŶ͕͘:͕͘&ŝƐĐŚĞƌ͕ :͕͘>ĞǀĞŶƚŽŶ͕:͕͘EĞǁŝŐ͕:͕͘^ĐŚŽŵĞƌƵƐ͕d͘ ͕sŝůƐŵĂŝĞƌ͕ h͕͘ǀŽŶtĞŚƌĚĞŶ͕,͕͘






















































































































ZŝĐĂƌĚŽ ^ŽƐĂ ŝƐ ƐƐŽĐŝĂƚĞ WƌŽĨĞƐƐŽƌ Ăƚ ƵĐŬůĂŶĚ hŶŝǀĞƌƐŝƚǇ ŽĨ
dĞĐŚŶŽůŽŐǇ ĂŶĚ ŚŽůĚƐ ĂĚũƵŶĐƚ ƉŽƐŝƟŽŶƐ Ăƚ DŽŶĂƐŚ hŶŝǀĞƌƐŝƚǇ ĂŶĚ
EĂŶǇĂŶŐhŶŝǀĞƌƐŝƚǇŽĨdĞĐŚŶŽůŽŐǇ^ŝŶŐĂƉŽƌĞ͘,ĞƚĞĂĐŚĞƐĂŶĚĐŽŶĚƵĐƚƐ
ƌĞƐĞĂƌĐŚ ŝŶ ĚĞƐŝŐŶ ĂŶĚ ĐƌĞĂƟǀĞ ƚĞĐŚŶŽůŽŐŝĞƐ ǁŝƚŚ ĂŶ ĞŵƉŚĂƐŝƐ ŽŶ
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Figure 1 The system’s context of the object of research
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Figure 2 North Ealing, London.
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Obtrusive ŶŽͬŵĂǇďĞ ǇĞƐ ŶŽ
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as a genre in their own right.
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These tools provide a 



















to understand the 
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they interact with each 
other.
dŚĞƐĞĐŽŶƚƌŝďƵƟŽŶƐĂƌĞ
useful for explaining 
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Understanding how to 
develop appeal and create 
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case study, we hope that we will be able to gain an insight into the current problems and 
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of a ball game must show the fans that it is highly worth watching—otherwise, it will lose its 
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Currently, academia and the industry have a wealth of discussion and research in service 
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With the user-centered principle of service design and the assistance of a service design 















































































































following 3 points: 
ϭ͘ Lack of understanding of the event and ruleset before watching the event: the 









members who had never been to an AR sports event became very excited at 
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greatest pain point in watching the game was that the spectator had to look up 




events and concerts; thus, the features of AR are not demonstrated in live 
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spectator members or between the spectators and the players during the game, 



































ǁŽƌŬĂĐƟǀŝƚǇĚĂƚĂ;ĞǇĞƌΘ,ŽůƚǌďůĂƩ͕ϭϵϵϴͿ͘dŚĞŵĂŝŶƉŽŝŶƚŽĨĐŽŶƚĞǆƚƵĂůĂŶĂůǇƐŝƐ is to 
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Spectator’s lack of understanding of the rules resulted in a poor spectator experience: many 
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The novelty of the 
ŐĂŵĞǁŝůůĂīĞĐƚ
the willingness and 
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Abstract:dŚŝƐ ƐƚƵĚǇ ŝŶǀĞƐƟŐĂƚĞĚ ƚŚĞĂƉƚŶĞƐƐŽĨĚŝŐŝƚĂůͲŵĞĚŝĂǀŝƐƵĂů ƌĞƉƌĞƐĞŶƚĂƟŽŶƐ
of Taiwanese endemic bird species. First, expert interviews were conducted to obtain 
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Current research on Taiwanese endemic animal and plant species have focused on 
ĐŽŶƐĞƌǀĂƟŽŶ͕ŚĂďŝƚƵĂůďĞŚĂǀŝŽƌƐ͕ĂŶĚƚŚĞŝƌĞĐŽůŽŐŝĐĂůĞŶǀŝƌŽŶŵĞŶƚ͘/ŶƉĂƌƟĐƵůĂƌ͕ ŵŽƐƚďŽŽŬƐ
ŽŶdĂŝǁĂŶĞƐĞĞŶĚĞŵŝĐďŝƌĚƐƉĞĐŝĞƐĂƌĞŝůůƵƐƚƌĂƚĞĚŚĂŶĚďŽŽŬƐ͘dŚĞƐĞďŽŽŬƐŽƌĚĞƌƚŚĞŝƌ


































ƐŝŵƉůŝĮĐĂƟŽŶ͘'ƌĂƉŚŝĐƌĞŶĚĞƌŝŶŐ͕ĐŽŵŵŽŶůǇƐĞĞŶŝŶĚigital media, was adopted to retain 
the shape and ĐŽŶƚŽƵƌĚĞƚĂŝůƐŽĨďŝƌĚƐǁŝƚŚŝŶƚŚĞŚŝĞƌĂƌĐŚǇŽĨƐƚǇůŝǌĂƟŽŶ͘dŚƌĞĞƐĞƚƐŽĨ
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2D design and  
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Taiwan hill partridge 
;ƌďŽƌŽƉŚŝůĂĐƌƵĚŝŐƵůĂƌŝƐͿ






























Taiwan bush warbler 
;>ŽĐƵƐƚĞůůĂĂůŝƐŚĂŶĞŶƐŝƐͿ






3.3 Test of degrees of similarity
dŚĞĚĞŐƌĞĞŽĨƐŝŵŝůĂƌŝƚǇǁĂƐƚĞƐƚĞĚƵƐŝŶŐĂďĞƚǁĞĞŶͲƐƵďũĞĐƚƐĚĞƐŝŐŶ͘dŚĞƚĞƐƚǁĂƐŝƐƐƵĞĚŝŶ
ƚŚĞĨŽƌŵŽĨĂŶĞůĞĐƚƌŽŶŝĐƋƵĞƐƟŽŶŶĂŝƌĞ͕ƐŽƚŚĞƉĂƌƟĐŝƉĂŶƚŚĂĚƚŽƵƐĞĂĚŝŐŝƚĂůŵĞĚŝĂƐƵĐŚ















ƐŝŵŝůĂƌͲůŽŽŬŝŶŐĐŽƵŶƚĞƌƉĂƌƚƐ͘dĂďůĞ4 lists those birds that have a similar appearance with 






















































dĂŝǁĂŶƵůďƵů;WǇĐŶŽŶŽƚƵƐƚĂŝǀĂŶƵƐͿ ϵϲ͘Ϯϱй ϭϬϬй ϵϳ͘ϱй
tŚŝƚĞͲĞĂƌĞĚƐŝďŝĂ;,ĞƚĞƌŽƉŚĂƐŝĂĂƵƌŝĐƵůĂƌŝƐͿ ϱϴ͘ϳϱй ϱϰ͘ϰϯй ϳϯ͘ϳϱй
dĂŝǁĂŶǁŚŝƐƚůŝŶŐƚŚƌƵƐŚ;DǇŽƉŚŽŶƵƐŝŶƐƵůĂƌŝƐͿ ϵϲ͘Ϯϱй ϵϲ͘Ϯй ϵϱй
dĂŝǁĂŶŚŝůůƉĂƌƚƌŝĚŐĞ;ƌďŽƌŽƉŚŝůĂĐƌƵĚŝŐƵůĂƌŝƐͿ ϵϱй ϵϮ͘ϰϭй ϵϮ͘ϱй
dĂŝǁĂŶ>ŝŽĐŝĐŚůĂ;>ŝŽĐŝĐŚůĂƐƚĞĞƌŝŝͿ ϵϲ͘Ϯϱй ϵϭ͘ϭϰй ϴϴ͘ϳϱй
dĂŝǁĂŶůĂƵŐŚŝŶŐƚŚƌƵƐŚ;'ĂƌƌƵůĂǆŵŽƌƌŝƐŽŶŝĂŶƵƐͿ ϰϳ͘ϱй Ϯϳ͘ϴϱй ϱϬй
dĂŝǁĂŶǇƵŚŝŶĂ;zƵŚŝŶĂďƌƵŶŶĞŝĐĞƉƐͿ ϵϳ͘ϱй ϭϬϬй ϵϳ͘ϱй
dĂŝǁĂŶďĂƌǁŝŶŐ;ĐƟŶŽĚƵƌĂŵŽƌƌŝƐŽŶŝĂŶĂͿ ϴϴ͘ϳϱй ϴϴ͘ϲϭй ϴϳ͘ϱй
dĂŝǁĂŶďůƵĞŵĂŐƉŝĞ;hƌŽĐŝƐƐĂĐĂĞƌƵůĞĂͿ ϵϮ͘ϱй ϴϴ͘ϲϭй ϵϭ͘Ϯϱй
dĂŝǁĂŶďƵƐŚǁĂƌďůĞƌ;>ŽĐƵƐƚĞůůĂĂůŝƐŚĂŶĞŶƐŝƐͿ ϲϯ͘ϳϱй ϰϭ͘ϳϳй ϰϳ͘ϱй
DĂůĞdĂŝǁĂŶĮƌĞĐƌĞƐƚ;ZĞŐƵůƵƐŐŽŽĚĨĞůůŽǁŝͿ ϴϯ͘ϳϱй ϵϲ͘Ϯй ϵϭ͘Ϯϱй
&ĞŵĂůĞdĂŝǁĂŶĮƌĞĐƌĞƐƚ;ZĞŐƵůƵƐŐŽŽĚĨĞůůŽǁŝͿ ϴϬй ϳϬ͘ϴϵй ϳϱй
DĂůĞDŝŬĂĚŽƉŚĞĂƐĂŶƚ;^ǇƌŵĂƟĐƵƐŵŝŬĂĚŽͿ ϴϬй ϳϵ͘ϳϱй ϳϮ͘ϱй
&ĞŵĂůĞDŝŬĂĚŽƉŚĞĂƐĂŶƚ;^ǇƌŵĂƟĐƵƐŵŝŬĂĚŽͿ ϵϭ͘Ϯϱй ϵϯ͘ϲϳй ϵϭ͘Ϯϱй
DĂůĞĐŽůůĂƌĞĚďƵƐŚƌŽďŝŶ;dĂƌƐŝŐĞƌũŽŚŶƐƚŽŶŝĂĞͿ ϵϮ͘ϱй ϵϯ͘ϲϳй ϵϮ͘ϱй
&ĞŵĂůĞĐŽůůĂƌĞĚďƵƐŚƌŽďŝŶ;dĂƌƐŝŐĞƌũŽŚŶƐƚŽŶŝĂĞͿ ϵϲ͘Ϯϱй ϵϴ͘ϳϯй ϵϲ͘Ϯϱй
DĂůĞ^ǁŝŶŚŽĞ Ɛ͛ƉŚĞĂƐĂŶƚ;>ŽƉŚƵƌĂƐǁŝŶŚŽŝŝͿ ϵϬй ϴϵ͘ϴϳй ϴϴ͘ϳϱй
&ĞŵĂůĞ^ǁŝŶŚŽĞ Ɛ͛ƉŚĞĂƐĂŶƚ;>ŽƉŚƵƌĂƐǁŝŶŚŽŝŝͿ ϴϲ͘Ϯϱй ϵϯ͘ϲϳй ϵϮ͘ϱй
DĂůĞǇĞůůŽǁƟƚ;WĂƌƵƐŚŽůƐƟͿ ϵϴ͘ϳϱй ϵϴ͘ϳϯй ϵϴ͘ϳϱй
&ĞŵĂůĞǇĞůůŽǁƟƚ;WĂƌƵƐŚŽůƐƟͿ ϵϴ͘ϳϱй ϵϯ͘ϲϳй ϵϲ͘Ϯϱй
dŽƚĂůͬĂǀĞƌĂŐĞ ϴϲ͘ϱй ϴϰ͘ϰϵй ϴϱ͘ϴϭй











dĂŝǁĂŶƵůďƵů;WǇĐŶŽŶŽƚƵƐƚĂŝǀĂŶƵƐͿ ϴϵй ϵϮ͘ϰϭй ϴϵ͘ϳϱй
tŚŝƚĞͲĞĂƌĞĚƐŝďŝĂ;,ĞƚĞƌŽƉŚĂƐŝĂĂƵƌŝĐƵůĂƌŝƐͿ ϳϮй ϳϰ͘ϵϰй ϳϳ͘Ϯϱй
dĂŝǁĂŶǁŚŝƐƚůŝŶŐƚŚƌƵƐŚ;DǇŽƉŚŽŶƵƐŝŶƐƵůĂƌŝƐͿ ϳϯ͘ϱй ϳϴ͘ϳϯй ϳϴ͘Ϯϱй
dĂŝǁĂŶŚŝůůƉĂƌƚƌŝĚŐĞ;ƌďŽƌŽƉŚŝůĂĐƌƵĚŝŐƵůĂƌŝƐͿ ϳϵй ϴϰ͘ϱϲй ϴϰ͘ϱй
dĂŝǁĂŶ>ŝŽĐŝĐŚůĂ;>ŝŽĐŝĐŚůĂƐƚĞĞƌŝŝͿ ϳϭ͘ϱй ϳϯ͘ϰϮй ϳϯ͘ϱй
dĂŝǁĂŶůĂƵŐŚŝŶŐƚŚƌƵƐŚ;'ĂƌƌƵůĂǆŵŽƌƌŝƐŽŶŝĂŶƵƐͿ ϱϳ͘ϳϱй ϲϮ͘Ϭϯй ϱϴ͘ϱй
dĂŝǁĂŶǇƵŚŝŶĂ;zƵŚŝŶĂďƌƵŶŶĞŝĐĞƉƐͿ ϴϵй ϴϵ͘ϴϳй ϴϳ͘ϳϱй
dĂŝǁĂŶďĂƌǁŝŶŐ;ĐƟŶŽĚƵƌĂŵŽƌƌŝƐŽŶŝĂŶĂͿ ϳϳ͘ϳϱй ϴϬй ϳϵ͘Ϯϱй
dĂŝǁĂŶďůƵĞŵĂŐƉŝĞ;hƌŽĐŝƐƐĂĐĂĞƌƵůĞĂͿ ϴϮй ϴϮ͘Ϯϴй ϴϬй
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dĂŝǁĂŶďƵƐŚǁĂƌďůĞƌ;>ŽĐƵƐƚĞůůĂĂůŝƐŚĂŶĞŶƐŝƐͿ ϱϰ͘ϱй ϱϰ͘ϰϯй ϱϱ͘Ϯϱй
DĂůĞdĂŝǁĂŶĮƌĞĐƌĞƐƚ;ZĞŐƵůƵƐŐŽŽĚĨĞůůŽǁŝͿ ϳϵй ϴϳ͘Ϭϵй ϴϮ͘ϳϱй
&ĞŵĂůĞdĂŝǁĂŶĮƌĞĐƌĞƐƚ;ZĞŐƵůƵƐŐŽŽĚĨĞůůŽǁŝͿ ϳϬй ϳϬ͘ϲϯй ϳϬ͘Ϯϱй
DĂůĞDŝŬĂĚŽƉŚĞĂƐĂŶƚ;^ǇƌŵĂƟĐƵƐŵŝŬĂĚŽͿ ϳϲй ϳϮ͘ϵϭй ϳϮй
&ĞŵĂůĞDŝŬĂĚŽƉŚĞĂƐĂŶƚ;^ǇƌŵĂƟĐƵƐŵŝŬĂĚŽͿ ϳϯй ϳϲ͘ϵϲй ϳϴй
DĂůĞĐŽůůĂƌĞĚďƵƐŚƌŽďŝŶ;dĂƌƐŝŐĞƌũŽŚŶƐƚŽŶŝĂĞͿ ϴϯ͘Ϯϱй ϴϭ͘Ϭϭй ϳϴй
&ĞŵĂůĞĐŽůůĂƌĞĚďƵƐŚƌŽďŝŶ;dĂƌƐŝŐĞƌũŽŚŶƐƚŽŶŝĂĞͿ ϴϯ͘ϳϱй ϴϲ͘ϱϴй ϴϯ͘Ϯϱй
DĂůĞ^ǁŝŶŚŽĞ Ɛ͛ƉŚĞĂƐĂŶƚ;>ŽƉŚƵƌĂƐǁŝŶŚŽŝŝͿ ϳϵ͘ϳϱй ϴϮ͘ϳϴй ϳϴ͘Ϯϱй
&ĞŵĂůĞ^ǁŝŶŚŽĞ Ɛ͛ƉŚĞĂƐĂŶƚ;>ŽƉŚƵƌĂƐǁŝŶŚŽŝŝͿ ϳϵ͘Ϯϱй ϴϭ͘Ϭϭй ϳϵй
DĂůĞǇĞůůŽǁƟƚ;WĂƌƵƐŚŽůƐƟͿ ϴϴ͘ϳϱй ϵϭ͘ϵй ϴϴ͘ϳϱй
&ĞŵĂůĞǇĞůůŽǁƟƚ;WĂƌƵƐŚŽůƐƟͿ ϴϭ͘ϱй ϴϬ͘ϱϭй ϴϬ͘ϱй
dŽƚĂůͬĂǀĞƌĂŐĞ ϳϳй ϳϵ͘Ϯй ϳϳ͘ϳϰй
dĂďůĞϳ dŽƚĂůŶƵŵďĞƌŽĨƌĂƟŽŶĂůĞŽĨǀŝƐƵĂůŝĚĞŶƟĮĐĂƟŽŶ;ŶƵŵďĞƌŽĨƉĞŽƉůĞͿ
2D design and color 
block




Color of individual parts 1026 ϭϬϱϱ ϭϬϮϱ
KǀĞƌĂůůƚŽŶĞ ϲϴϬ 726 737
ŽŶĨŽƌŵĂƟŽŶŽĨŝŶĚŝǀŝĚƵĂůƉĂƌƚƐ ϴϬϵ 906 ϴϰϰ
KǀĞƌĂůůĐŽŶƚŽƵƌͬƐƚǇůĞ 661 663 ϴϭϳ
Color of the wings 329 373 313






ďƌƵŶŶĞŝĐĞƉƐ was 97.5%. The degrees of similarity for the following birds were 96.25%: 
Taiwan Bulbul WǇĐŶŽŶŽƚƵƐƚĂŝǀĂŶƵƐ, Taiwan whistling thrush DǇŽƉŚŽŶƵƐŝŶƐƵůĂƌŝƐ, Taiwan 
Liocichla >ŝŽĐŝĐŚůĂƐƚĞĞƌŝŝ, and female collared bush robin dĂƌƐŝŐĞƌũŽŚŶƐƚŽŶŝĂĞ. And the 
degree of similarity for the Taiwan hill partridge Arborophila crudigularis was 95%. 
Thus, the results demonstrated that based on most of the graphics of birds designed by 
ƚŚŝƐƐƚƵĚǇ͕ ƉĂƌƟĐŝƉĂŶƚƐĐŽƵůĚĐůĞĂƌůǇĚŝƐƟŶŐƵŝƐŚďĞƚǁĞĞŶďŝƌĚƐŽĨƐŝŵŝůĂƌĂƉƉĞĂƌĂŶĐĞ͘
dŚĞĚĞŐƌĞĞƐŽĨƐŝŵŝůĂƌŝƚǇŽĨƚŚĞĨŽůůŽǁŝŶŐƚŚƌĞĞďŝƌĚƐǁĞƌĞůŽǁĞƌƚŚĂŶϴϬй͗dĂŝǁĂŶ
bush warbler >ŽĐƵƐƚĞůůĂĂůŝƐŚĂŶĞŶƐŝƐ (63.75%), white-eared sibia Heterophasia 
auricularis ;ϱϴ͘ϳϱйͿ͕ĂŶĚdĂŝǁĂŶůĂƵŐŚŝŶŐƚŚƌƵƐŚ'ĂƌƌƵůĂǆŵŽƌƌŝƐŽŶŝĂŶƵƐ (47.5%). The 
UHVXOWVLQGLFDWHGXQFODULW\LQWKHSDUWLFLSDQWUDWLRQDOHVXQGHUO\LQJYLVXDOLGHQWL¿FDWLRQ










design of bird graphics.
5. Conclusion
dĂŝǁĂŶĞƐĞĞŶĚĞŵŝĐďŝƌĚƐƉĞĐŝĞƐĂƌĞĞƐƐĞŶƟĂůŝŶdĂŝǁĂŶĞƐĞĐƵůƚƵƌĞ͘dŚĞĐŽŵƉƌĞŚĞŶƐŝǀĞ
understanding of their visual features and the use of such features in the design of teaching 













































































































ďƐƚƌĂĐƚ͗ dŚŝƐ ƉĂƉĞƌ ƉƌĞƐĞŶƚƐ ƚŚĞ ƌĞƐƵůƚƐ ŽĨ ĂŶ ĞǆƉůŽƌĂƚŽƌǇ ƐƚƵĚǇ ŽŶ ƚŚĞ ĞīĞĐƚ ŽĨ
ŽďƐĞƌǀŝŶŐĚŝīĞƌĞŶƚĚŝŐŝƚĂůĚĞƐŝŐŶƌĞƉƌĞƐĞŶƚĂƟŽŶƐŽŶĚĞƐŝŐŶĞƌƐ͛ǀŝƐƵĂůĂƩĞŶƟŽŶ͘&ŽƌƚǇͲ
ĮǀĞ ƚŚŝƌĚͲǇĞĂƌ ĂŶĚ ĨŽƵƌƚŚͲǇĞĂƌ ĂƌĐŚŝƚĞĐƚƵƌĞ ƐƚƵĚĞŶƚƐ ƉĂƌƟĐŝƉĂƚĞĚ ŝŶ ĂŶ ĞǆƉĞƌŝŵĞŶƚ͕

















































































































































































K/Ͳϭ ϭ͘ϴϬ ϭϵ͘Ϯϴ ϭϱ͘ϰϬ ϲ͘ϮϬ
K/ͲϮ Ϯ͘ϰϱ ϲ͘ϵϰ ϱ͘Ϯϳ ϰ͘ϬϬ
K/Ͳϯ Ϭ͘ϳϲ Ϯϯ͘ϲϱ ϭϮ͘ϴϬ ϴ͘ϭϯ
K/Ͳϰ ϭ͘Ϯϴ ϱ͘ϯϳ ϱ͘Ϯϳ ϯ͘ϴϳ
K/Ͳϱ Ϯ͘ϲϯ Ϯ͘ϲϬ Ϯ͘Ϯϳ ϭ͘ϵϯ
K/Ͳϲ ϲ͘Ϯϳ ϳ͘ϰϮ ϱ͘ϳϯ ϯ͘Ϯϳ






K/Ͳϭ ϭ͘Ϭϯ Ϯϲ͘ϳϲ Ϯϭ͘ϱϯ ϲ͘ϴϬ
K/ͲϮ ϯ͘ϵϮ ϳ͘ϭϱ ϲ͘ϰϳ ϰ͘Ϭϳ
K/Ͳϯ ϭ͘ϭϰ ϭϵ͘ϮϮ ϭϬ͘ϴϳ ϲ͘Ϭϳ
K/Ͳϰ ϭ͘ϱϵ ϲ͘ϳϭ ϳ͘ϯϯ ϰ͘ϵϯ
K/Ͳϱ Ϯ͘ϵϱ ϭ͘ϱϵ ϭ͘ϰϬ ϭ͘ϯϯ
K/Ͳϲ ϱ͘ϱϴ ϱ͘ϴϮ ϰ͘ϮϬ Ϯ͘ϲϳ
K/Ͳϳ ϭ͘ϱϱ ϭϮ͘ϲϳ ϭϬ͘ϬϬ ϰ͘Ϯϳ
























K/Ͳϭ ϭ͘Ϭϯ ϯϮ͘ϳϵ ϯϱ͘ϴϳ ϵ͘ϭϯ
K/ͲϮ ϱ͘ϱϮ ϰ͘ϲϮ ϲ͘ϬϬ ϰ͘ϬϬ
K/Ͳϯ ϭ͘ϱϭ ϭϰ͘ϯϯ ϭϯ͘ϰϬ ϳ͘ϴϳ
K/Ͳϰ Ϭ͘ϰϯ ϳ͘Ϯϳ ϵ͘ϳϯ ϱ͘ϰϳ
K/Ͳϱ ϰ͘ϴϱ Ϯ͘ϰϳ ϯ͘ϵϯ ϯ͘Ϯϳ
K/Ͳϲ ϰ͘ϵϮ ϰ͘ϳϲ ϱ͘Ϭϳ ϯ͘ϲϳ






K/Ͳϭ Ϭ͘ϱϮ Ϯϱ͘ϵϵ Ϯϯ͘ϲϳ ϵ͘ϬϬ
K/ͲϮ ϯ͘ϳϰ ϳ͘ϬϮ ϱ͘ϴϳ ϯ͘ϲϬ
K/Ͳϯ ϯ͘ϭϴ ϭϰ͘ϲϮ ϭϬ͘ϵϯ ϱ͘ϲϳ
K/Ͳϰ ϭ͘Ϭϵ ϱ͘ϴϴ ϳ͘ϮϬ ϱ͘Ϭϳ
K/Ͳϱ Ϯ͘ϱϲ ϯ͘ϲϴ ϯ͘ϳϯ ϯ͘ϯϯ
K/Ͳϲ ϵ͘ϲϯ ϯ͘ϲϱ Ϯ͘ϴϳ Ϯ͘ϬϬ
K/Ͳϳ ϱ͘ϳϴ ϵ͘ϭϴ ϵ͘ϮϬ ϯ͘ϲϳ















K/ϭ K/Ϯ K/ϯ K/ϰ K/ϱ K/ϲ K/ϳ
dŝŵĞƚŽ&ŝƌƐƚsŝĞǁ ͘ϰϮϯ ͘ϰϬϯ ͘ϭϲϯ ͘ϳϰϮ ͘ϴϲϵ ͘ϳϲϭ ͘ϬϭϱΎ
dŝŵĞsŝĞǁĞĚ;йͿ ͘ϭϯϲ ͘ϵϭϳ ͘Ϯϱϲ ͘ϰϱϭ ͘ϯϴϲ ͘ϱϲϲ ͘ϲϳϮ
&ŝǆĂƟŽŶƐ ͘ϯϱϮ ͘ϱϬϳ ͘ϮϮϯ ͘ϭϮϵ ͘ϯϬϵ ͘ϰϰϳ ͘ϴϯϯ











K/ϭ K/Ϯ K/ϯ K/ϰ K/ϱ K/ϲ K/ϳ
dŝŵĞƚŽ&ŝƌƐƚsŝĞǁ ͘ϳϳϮ ͘ϯϰϯ ͘ϭϱϭ ͘Ϭϲϴ ͘ϮϯϬ ͘ϬϮϲΎ ͘ϯϲϳ
dŝŵĞsŝĞǁĞĚ;йͿ ͘ϭϴϱ ͘ϱϰϳ ͘ϵϭϯ ͘ϱϳϲ ͘Ϯϲϳ ͘ϯϵϳ ͘ϴϴϴ
&ŝǆĂƟŽŶƐ ͘ϬϵϬ ͘ϭϴϰ ͘ϱϲϰ ͘ϯϬϰ ͘ϵϬϱ ͘ϭϴϲ ͘ϳϴϰ






























































































ƌ ZŽŶŐƌŽŶŐ zƵ ŝƐ Ă ůĞĐƚƵƌĞƌ ŝŶ ƌĐŚŝƚĞĐƚƵƌĞ Θ ĞƐŝŐŶ Ăƚ 'ƌŝĸƚŚ
hŶŝǀĞƌƐŝƚǇ͘ ^ŚĞ ŚĂƐ ƉƵďůŝƐŚĞĚ ďƌŽĂĚůǇ ŝŶ ŝŶƚĞƌŶĂƟŽŶĂů ũŽƵƌŶĂůƐ ĂŶĚ
ĐŽŶĨĞƌĞŶĐĞƐ͕ ǁŝƚŚŝŶ ƌĞƐĞĂƌĐŚ ĮĞůĚƐ ŝŶĐůƵĚŝŶŐ ĚĞƐŝŐŶ ĐŽŐŶŝƟŽŶ͕
ĐŽŵƉƵƚĂƟŽŶĂůĂŶĂůǇƐŝƐĂŶĚƉĂƌĂŵĞƚƌŝĐĚĞƐŝŐŶ͘
Dr John Gero ŝƐ Ă ZĞƐĞĂƌĐŚ WƌŽĨĞƐƐŽƌ ŝŶ ŽŵƉƵƚĞƌ ^ĐŝĞŶĐĞ ĂŶĚ


























ďƐƚƌĂĐƚ͗ ^ŝŵŝůĂƌŝƚǇ ŝƐ ĚĞŵŽŶƐƚƌĂďůǇ ŝŵƉŽƌƚĂŶƚ ĂĐƌŽƐƐ ŵĂŶǇ ĂƌĞĂƐ ŽĨ ĐŽŐŶŝƟŽŶ͘ ƚ
ƉƌĞƐĞŶƚ͕ ƚŚĞ ŵĂŝŶ ŝĚĞĂ ŝƐ ƚŚĂƚ ƚŚĞ ƐŝŵŝůĂƌŝƚǇ ŽĨ Ă ƉĂŝƌ ŽĨ ŽďũĞĐƚƐ ŝŶĐƌĞĂƐĞ ǁŝƚŚ ŝƚƐ
ĐŽŵŵŽŶĂůŝƟĞƐĂŶĚĚĞĐƌĞĂƐĞǁŝƚŚ ŝƚƐĚŝīĞƌĞŶĐĞ͘,ŽǁĞǀĞƌ͕  ŝƚ Ɛ͛ĚŝĸĐƵůƚƚŽƌĞĂƐŽŶĂďůǇ
ĞǆƉůĂŝŶƐŽŵĞĐŽƵŶƚĞƌŝŶƚƵŝƟǀĞƐŝƚƵĂƟŽŶƐƚŚĂƚŽŌĞŶŽĐĐƵƌ͘ &ŽƌĞǆĂŵƉůĞ͕ƉĞŽƉůĞŵŝŐŚƚ
ĮŶĚ ƚŚĂƚ ƐŽŵĞŽŶĞ ůŽŽŬƐ ƐŝŵŝůĂƌǁŝƚŚ ĂĚŽŐ͕ ĞǀĞŶ ƚŚŽƵŐŚŵŽƐƚ ƐŚĂƌĞĚ ĨĞĂƚƵƌĞƐ ĂƌĞ
ĚŝƐƐŝŵŝůĂƌ͘  /ŶƐƉŝƌĞĚ ďǇ ƚŚĞ ŝĚĞĂƐ ŽĨ ĨŽƌŵ ĂŶĚ ƐƉŝƌŝƚ͕ ǁĞ ƐƉĞĐƵůĂƚĞ ƚŚĂƚ ƐŽŵĞ ŬĞǇ
ĨĞĂƚƵƌĞƐ ŽĨ ŽďũĞĐƚƐ ŵĂǇ ŚĂǀĞ Ă ŐƌĞĂƚĞƌ ŝŵƉĂĐƚ ŽŶ ƐŝŵŝůĂƌŝƚǇ ũƵĚŐŵĞŶƚ ƚŚĂŶ ƚŚĞ
ŽƚŚĞƌƐ͘dŚĞƌĞĨŽƌĞ͕ƚŚŝƐƉĂƉĞƌƉƌŽƉŽƐĞĚĂƚŚĞŽƌĞƟĐĂůŵŽĚĞůŽĨƐŝŵŝůĂƌŝƚǇũƵĚŐŵĞŶƚƚŽ
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Abstract: Every year there are new products on the market for drones prompting 
designers to spend a lot of time collecting data and analyzing product style trends in 
the market. However, it takes more time for new designers to understand consumers' 
evolving preferences. Therefore, this study proposes an evaluation model for DRONE 
appearance design. The method uses Morphological Analysis to extract product 
appearance characteristics, and uses fuzzy comprehensive evaluation (FCE) and fuzzy 
analytic hierarchy process (FAHP) to establish DRONE appearance in addition to 
preference analysis. It obtained the degree of importance that consumers attach to 
each component; the result weights that consumers attach were then analyzed to 
determine that the overall preference for the appearance of DRONEs is objective. In 
this way, the researchers or designers subsequently executing procedure can establish 
a modelling database and apply it to the process of rapid design. 
Keywords: Drone; Morphological Analysis; Fuzzy Analytic Hierarchy Process, FAHP; Fuzzy 
Comprehensive Evaluation, FCE  
1. Introduction  
With the intensification of economic globalization, it is very important to make rational use 
of global design resources. For such a background, as the design goes deep into all aspects of 
the enterprise, the designer's job in the enterprise is not only to execute the design of 
modelling style, but also to cooperate with engineers, marketing personnel and others. 
However, today's market emphasizes cooperation efficiency and the rapid generation of 
innovative ideas. It is very important to determine whether the style trend accurately 
matches the preferences of consumers at the market end. Traditional design has thus 
entered a brand-new era of design management. On the one hand, it can save time for 
product development; on the other hand, it can enable new designers to understand market 




scale drones were in the testing stage until the prototype of the four-axis drones began to 
appear in the United States in the 1950s. Up to now, drones have a 90-year history of 
development, and their early use was mainly military. In recent years, due to the influence 
of the Internet of Things and the integration of communication and network technologies, 
DRONEs have been combined with at least six technologies. From consumer recreational 
toys to high-value applications in the fields of climate, commerce, agriculture, urban 
planning and national defense, drones have become a new product just around the corner. 
Basson et al. (2019) proposed using the instrument technology evaluation method to 
evaluate drone performance, and to use in-flight measuring instruments to ensure stable 
flight. The design elements and performance standards are discussed in terms of mechanical 
design, electromechanical design, flight control optimization and drone performance 
standards for the three basic models of drones. Saha et al. (2018) proposed the idea of using 
Raspberry PI for drone development; it can be used in drones with cameras to identify 
organisms during flight. It is very useful for military operations and surveillance in remote 
areas. Mahamud et al. (2016) proposed a new algorithm for drones to make it easier for 
drones to move across the sky, land and water. Strengthening automatic identification can 
reduce the complexity of interaction with the database and optimize the relationship 
between drones’ AI and database. All the researchers mentioned above have conducted 
research related to the design and development of drones. This study discusses the weight 
and preference of each evaluation item that comprise the overall appearance of the drones, 
so there is no further discussion on the functional aspect. 
2. Theoretical Background 
2.1 Morphological analysis 
Zwicky, the founder of morphological analysis, argued in 1957 that morphological analysts 
should eschew prejudice and remain objective. This method is used to decompose the 
design target into a plurality of different design elements and generate new shapes or 
creative ideas through arrangement and combination. During the implementation, the 
external structure is first analyzed, and then disassembled and the parts combined with each 
other. The analysis method is divided into four steps: 
 Strive to complete the description of the subject; 
 Disassemble the independent factors of the subject; 
 List the multiple elements in each independent factor; 
 Combine different elements with each other to create many new ideas.  
Dragomir et al. (2016) proposed the application of morphological charts in order to ensure 
the best match between product characteristics and customer requirements as well as to 
shorten the development time for greater flexibility. Azammi et al. (2018) proposed that the 
application of morphological charts to vehicle engines is an effective solution to improve the 




morphological charts to the design of hair dryers, an approach which can also generate new 
product ideas quickly. 
2.2 Fuzzy Comprehensive Evaluation, FCE 
Fuzzy theory is a scientific method for studying and dealing with fuzzy phenomena; it was 
first put forward in 1965 by Zadeh (1965, 1975), a control theorist at the University of 
California. This process is used to process imprecise and fuzzy data to solve decision-making 
problems in fuzzy environments by strict mathematical methods. The fuzzy comprehensive 
evaluation method is a widely used method in the field of fuzzy mathematics. Its purpose is 
to effectively solve fuzzy and difficult-to-quantify problems, and is suitable for solving 
various uncertainty problems. Hsiao (2013) proposed using the FCE method to study bicycle 
preferences in the market and solve the problem of bicycle stocking. Hsiao (1995, 1998) 
used the fuzzy theory and analytic hierarchy process to make product decisions in the 
automobile design stage; fuzzy theory made relevant evaluations on monochrome schemes. 
In addition, Hsiao et al. (1997) used fuzzy linguistics to make product decisions for 
automobile exterior design. The following are the implementation steps of FCE, which are 
divided into 6 points: 
 Give the object set of the evaluation factor targetݑ ൌ ൛ݑଵǡݑଶǡ ǥǥǡ  ;௡ǡൟݑ
 Determine the indicator set ܸ ൌ ൛ ଵܸǡ ଶܸǡ ǥǥǡ ௠ܸǡൟ; 
 Establish the weight set: Since the importance of each indicator in the indicator 
set differs, it is necessary to assign corresponding weights to the first-level indicator 
and the second-level indicator, respectively. The weight set of the first level ߱௜ ൌ
൛ܽଵ௜ǡܽଶ௜ǡ ǥǥǡ ܽ௡௜ǡൟ,݅ ൌ ͳǡʹǡ ǥǥǡ ݊௜, the weight set of the second level ߱௞ ൌ
൛ܽଵ௞ǡܽଶ௞ǡ ǥǥǡ ܽ௠௢ǡൟ,  ݇ ൌ ͳǡʹǡ ǥǥǡ ݉௢. Factor analysis will be used here to 
determine the weight: σ ߱௜
௙
௜ୀଵ  ൌ ͳǢ 
 Determine the comment set: We set the evaluation set to v={very important, 
slightly important, neutral, slightly unimportant, very unimportant} 
 Find out the evaluation matrix: ܴ௜ ൌ ൫ݎ௜௝௞൯; first determine the membership 
function of U to v, and then calculate the membership degree of drone evaluation 
indicators for each level. ܴ௜; 
 Obtain the fuzzy comprehensive evaluation set ܤ௜ ൌ ߱௜ˤܴ௜ ൌ
൫ܾ௜ଵǡ ௜ܾଶǡ ǥǥǡ ܾ௜௡൯ i.e., the general matrix multiplication; the final evaluation result is 
obtained according to the evaluation set. 
2.3 Analytic Hierarchy Process, AHP 
Analytic Hierarchy Process (AHP), developed by Saaty in 1971, is mainly employed to provide 
a quick way to reduce complicated decisions. Ulloa et al. (2018) proposed applying AHP to 
the appearance design of PV-T module of DRONEs. Finally, Arduino was used as a model to 
verify and test the experimental data. Lei (2014) proposed reducing the accident rate of 




vehicles, and assisting in the development of management systems. The following are the 
five steps of the implementation process, as shown in Figure 1: 
x Step 1 is decomposition, which divides the complex decision-making elements into 
several components, subdivides these components into multiple solutions, and 
organizes them into a tree-like hierarchical structure diagram. 
x Step 2 is weighting, giving weight to the relative importance of each part, and then 
analyzing the priority of each part. 
x Step 3 is evaluation. For decision makers, a pair comparison matrix is created in a 
hierarchical structure. Table 1 presents the definition of the AHP evaluation index 
and score. 
x Step 4 is selection. AHP can help to confirm subjective and objective evaluation 
measures. The consistency ratio of evaluation should be checked eventually, which 
is also referred to as C.R. C.I. ŝƐƚŚĞĐŽŶƐŝƐƚĞŶĐǇŝŶĚĞǆ͖Z/ŝƐĂƌĂŶĚŽŵŝŶĚĞǆ͖ʄŝƐƚŚĞ
maximum eigenvalue of the matrix; n is the matrix order or the number of 
parameters; the calculation is shown in the following formula (1). With the 
alternatives suggested by the team to reduce the team's decision-making mistakes, 
such as out of focus, no plans, no participation, etc., Hosseini et al. (2016) proposed 
AHP subdivides the whole problem into several less important evaluations, but still 
maintains the overall decision-making method. 
Table 1 Evaluation score and definition of AHP 
Evaluation measurement Definition 
1 Equal importance 
3 Slight importance 
5 Essential importance 
7 Very strong importance 
9 Absolute importance 
2, 4, 6, 8 Intermediate value 
 






Figure 1 Process of AHP 
2.4 Fuzzy Analytic Hierarchy Process, FAHP 
In this study, fuzzy theory and the analytic hierarchy process are combined to establish the 
implementation of the Fuzzy Analytic Hierarchy Process (FAHP), which can effectively deal 
with fuzzy problems and accurately achieve the purpose of decision-making. Grann (1980) 
was the first scholar to add fuzzy theory to AHP. He proposed using triangular fuzzy numbers 
to express the importance of elements and then calculate the fuzzy weight of decision 
criteria. Shen et al. (2018) used FAHP to discuss the influence of watch product elements on 
gender orientation. The aim is to quantify five elements and their relative importance in 
terms of gender orientation. Moayyedian et al. (2018) proposed multi-objective optimization 
for injection molding. The purpose of their study is to determine the best alternative for the 
best formability index and the best alternative close to the best alternative for injection 
molded parts in injection molding technology. Through consideration of Taguchi, FAHP and 
the ideal solution, Kubler et al. (2016) proposed creating statistics on the existing research 
papers. FAHP is mostly used in the papers on manufacturing, industry and government 
departments. Among them, 57% still leave much room for research and discussion, which 




represent the weight values; the total weight is obtained by first calculating the interviewee 
results and then processing them. The calculation process is as follows: 
 Establish the fuzzy pairwise comparison matrix; according to the results of the 
questionnaire survey, the trapezoidal fuzzy number is used to represent the 
comparison matrix of two fuzzy sets. 
̱






ܽ௬ ൌ ൣܽ௬ǡ ܾ௬ǡ ܿ௬ǡ ݀௬൧. 








 Consistency testing; ܫሺܣǡܹሻ ൑ ǡܣ ܣ ൑ ͲǤͳ; 
 Level cascading and factor ordering; ܹ ൌ ሺ ଵܹǡ ଶܹǡڮ ௡ܹሻ 
3. Case Study 
This chapter includes six steps. First, identify the appearance feature components. Second, 
create a shape analysis diagram. The third step is to generate new combinations through the 
AHP questionnaire. The fourth step is then to compare the differences between FCE and 
FAHP. The fifth step is consistency verification. The sixth step is consistency verification. The 
seventh step is to create options from the morphology map. The eighth step is to verify the 
evaluation results obtained through the options. The ninth step is to compare the results of 
FAHP and FCE. If the results are equal, continue to the next step; if the results are different, 
the modeling questionnaire needs to be modified. The tenth step is the design and three 
views. The eleventh step is product performance and effect diagram. The process of the case 









3.1 Identify components of appearance feature 
First, the overall appearance of the DRONE was functionally disassembled; it could be 
divided into three parts: outer frame, propeller and lifting stand. Eventually, a description 
table of the appearance features was established, as shown in Table 2.  
Table 2 Basic menu of drone. 
 Description 
Frame The outer frame of the drone covers 95% of the 
mechanism and is the main component of the product. 
Propeller Drone take-off parts, the shape will affect flight 
efficiency. 
Heighten landing  
skid gear leg 
Drone lifting and grounding components need a 
combination of style and function. 
3.2 Establish morphological analysis chart 
After the DRONE was disassembled, it could be divided into 7 outer frames, 6 propellers and 
6 lifting stands. Its components are visualized here, and are shown in Table 3. In addition, an 





Figure 3 Analytic hierarchy diagram 





3.3 The decision steps produce new combinations 
Fuzzy comprehensive evaluation can quantify fuzzy indices of evaluation objects by 
establishing fuzzy subsets of grades. The fuzzy variable principle was then used to integrate 
each index to better solve fuzzy problems, such as the clear features of different attributes. 
After the final morphological chart was established, FAHP and the fuzzy comprehensive 
evaluation method were used to evaluate and select excellent combination programs. After 
the morphological chart was formed, FCE and FAHP were used to evaluate and select an 
excellent combination program. The results are as follows: 
x Establish the factor set. 
x Calculate the weight of each component. 
The weight of the outer frame was 0.558, that of the propeller was 0.122, and that of the 
lifting stand was 0.319. Its weight ranking was outer frame > lifting stand > propeller, as 
shown in Table 4. 
Table 4 Building a pairwise comparison matrix 
 Frame Propeller Heighten 
landing  
skid gear leg 
Weight 
Frame 1 4 2 0.558 
Propeller 0.25 1 0.33 0.122 
Heighten landing  
skid gear leg 
0.5 3 1 0.319 
 
From the above table, it can be seen that the evaluation of external appearance is valued 
sequentially as follows: outer frame > lifting stand > propeller. 
x Consistency verification of the weight of each component 
 
The consistency score was 0.017, less than 0.1, which means that each weight is consistent 
and shown in the following formula (3); for each factor, the consistency score was 
summarized into a weight set: 
x Establish a fuzzy evaluation matrix 
Based on the factor set, evaluation set and weight set, a comprehensive evaluation 
questionnaire was designed, as shown in Figure 4 below. The questionnaire involved a total 




IDEA 3 IDEA 1 
analysis, the fuzzy membership relation of each part is shown in Table 5. Designers and 
manufacturers can use Table 6 to inquire about the general consumer's appearance 
preference for the final drone product. 
 
Figure 4 Establish a fuzzy evaluation questionnaire 
Table 5 Building Fuzzy Membership Table 
 Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 Type 7 
Frame 0.104 0.248 0.149 0.255 0.227 0.219 0.186 
Propeller 0.139 0.201 0.055 0.103 0.265 0.257  
Heighten 
landing  
skid gear leg 
0.182 0.155 0.243 0.072 0.069 0.022  
Table 6 Morphological chart for IDEA 1-3  
 Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 Type 7 
Frame 0.104 0.248 0.149 0.255 0.227 0.219 0.186 
Propeller 0.139 0.201 0.055 0.103 0.265 0.257  
Heighten 
landing  
skid gear leg 






In order to further study the credibility of the research results, the first two parts with the 
highest fuzzy membership degree were selected from Table 6: concept 1 and concept 3 
respectively. Concept 1 consisted of F4, P5 and H3. Concept 3 consisted of F1, P3 and H6. 
The part with the lowest fuzzy membership was IDEA 2, which consisted of F2, P6 and H1, so 
as to form the following three different DRONE exterior designs, as shown in Figures 5-7. 
 
Figure 5 IDEA 1                
 
Figure 6 IDEA 2 
 
 




x The weight matrix of primary index is 
A=ൣͲǤͷͷͺͲǤͳʹʹͲǤ͵ͳͻ൧ 














x Comprehensively evaluate the fuzzy evaluation matrix which is built according to 
Table 5; the evaluation results are: 
̱ܤ ൌ ܹ̱ˤܴ̱ = (0.426 0.027 0.219) 
Based on this evaluation result, the order of priorities should be IDEA 1, IDEA 3, and IDEA 2. 
Generate new combinations with FAHP decision steps, as shown in Table 7. Applying 
normalization to the above vectors, the final vector could be obtained as follows: IDEA 1 
equaled 0.449, IDEA 2 equaled 0.203, and IDEA 3 equaled 0.347. Based on these evaluation 
results, the priority order should be IDEA 1, IDEA 3 and IDEA 2, sequentially. 
ݓ ൌ ሺͲǤͶͶͻͲǤʹͲ͵ͲǤ͵Ͷ͹ሻ 
Table 7 FAHP Relation Table for Three Ideas 
 IDEA 1 IDEA 2 IDEA 3 
Frame 0.472 0.19 0.338 
Propeller 0.516 0.175 0.308 
Heighten landing  
skid gear leg 




3.4 Verification results 
This step was to compare the results of the fuzzy comprehensive evaluation with the 
preference statistics of the actual interviewees. It can be seen from the results in Tables 5 
and 6 that the results were the same: IDEA 1 > IDEA 3 > IDEA 2; this shows that designers can 
use the hierarchical evaluation item weights (Table 7) and the fuzzy membership weight 
statistics (Table 5) in this study to reorganize different new options and obtain preference 
scores for each appearance combination, so that designers can also obtain pre-reference 
instructions on consumer appearance preferences. 
3.5 Appearance design and three views 
The conclusions drawn in the previous section can be used by designers to design and create 
three views, as shown in Figure 8. 
 
Figure 8 Design of IDEA 3 
3.6 Product performance and rendering diagram 
The ideation design IDEA 3 obtained in the previous section can use three-dimensional 
software and rendering software KeyShot, which can be subsequently used as a product 





Figure 9 IDEA 3 product rendering proposal 
4. Results and Recommendations 
The results of this study show that among the three evaluation items (outer frame, propeller 
and lifting stand), the first choice for general consumers who chose drones according to 
appearance was the appearance of "outer frame", which had the evaluation result of 0.426 
among all the evaluation items. The conclusion is that the results of this study using FCE and 
FAHP are all IDEA1, IDEA3, and IDEA2, so this result is reliable. Secondly, they considered the 
appearance of the "lifting stand" and expressed it with the evaluation result of 0.219. 
Thirdly, the evaluation result of the "propeller" was 0.027. Among these items, there are 
many accessories that can be added to the lifting stand on the market. For example, 
amphibious drones can add sponges to the lifting stand to enhance the buoyancy on the 
water surface. Therefore, the lifting stand will have new shapes and functions according to 
different purposes. The appearance of drones affects consumers' purchasing behavior. Even 
in daily life, the outer frames of drones with different numbers of axes seen by general 
consumers are very limited, mainly with four axes. With more and more drones of different 
purposes, they have evolved from three-axis drones to six-axis drones. For example, six-axis 
drones that carry goods to remote areas or high mountains, pesticide spraying drones or 
amphibious military drones reflect all the preferences and needs that can be further 
explored in the future. The weights of the evaluation items and the fuzzy membership 
degree of the parts in this study provide an objective reference for designers and 
manufacturers to determine the priority of different appearance designs or parts selection in 
the drone design stage. These three evaluation items cover 95% of the visual area of the 




shortcomings of evaluating individual items instead of the overall appearance, as in the past. 
Since drones with new appearances are introduced every year, it is suggested to collect 
various appearances from time to time and increase the number of styles in each evaluation 
item, so as to observe the trends of the consumer market. 
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Abstract: dŚŝƐ ƉĂƉĞƌ ĨŽůůŽǁƐ Ă ĚĞƐŝŐŶ ƐĐŝĞŶĐĞ ĂƉƉƌŽĂĐŚ ƚŽ ŝŶƋƵŝƌĞ ŝŶƚŽ ƚŚĞ ĂĐƚ ŽĨ
ĐƌĞĂƟŽŶ ŽĨ ŶĂƚƵƌĞͲŝŶƐƉŝƌĞĚ ƉƌŽĚƵĐƚ ĨŽƌŵƐ͘ ^ƚƌƵĐƚƵƌĞĚ ŽŶ EŝŐĞů ƌŽƐƐ ƚĂǆŽŶŽŵǇ͕  ŝƚ
ĐŽŶƐŝĚĞƌƐƚŚƌĞĞĂƐƉĞĐƚƐĨŽƌĚĞƐŝŐŶƌĞƐĞĂƌĐŚ͗WƌŽĐĞƐƐĞƐ͕WƌŽĚƵĐƚƐ͕ĂŶĚWĞŽƉůĞ͘/ŶƚŚŝƐ
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Design Science Approach to Nature Inspired Product Forms: Studies on Processes and Products
Figure 1 Research Framework adopted from Nigel Cross Taxonomy
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complement the standard literature review, they illustrate the opening of technology to 

































As a whole, this group of papers allows us to spot the edges of our imaginaries when it 
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• Time (inverted):ŝƐŚŽŶĞƐƚǇ͕ hŶĂĐĐŽƵŶƚĂďŝůŝƚǇ
























































































































































ĂŶĚ ĞǆƉůŽƌĂƚŽƌǇ ĚĞƐŝŐŶͲůĞĚ ƌĞƐĞĂƌĐŚ ƐƚƵĚŝŽ /ŵĂŐŝŶĂƟŽŶ >ĂŶĐĂƐƚĞƌ͘ 




LEE, COOPER, HANDS, COULTON




















Abstract: tŝƚŚ ƚŚĞ ĞŵĞƌŐĞŶĐĞ ŽĨ /ŶƚĞƌŶĞƚ ŽĨ dŚŝŶŐƐ ;/ŽdͿ ĂƐ Ă ŶĞǁ ƐŽƵƌĐĞ ŽĨ ͚ďŝŐ
ĚĂƚĂ͕͛  ďƵƐŝŶĞƐƐĞƐ ĨĂĐĞ ŶĞǁ ŽƉƉŽƌƚƵŶŝƟĞƐ ĂƐ ǁĞůů ĂƐ ĞŵĞƌŐĞŶƚ ĐŚĂůůĞŶŐĞƐ͘ ,ŽǁĞǀĞƌ͕ 









































































^ĐŚŽůĂƌ͘ ^ĞĂƌĐŚƚĞƌŵƐƵƐĞĚ͕ŝŶĐůƵĚĞĚϭͿ͞EW͕͟ ͞E^͕͟ ͞ĚĞƐŝŐŶĂŶĚĚĞǀĞůŽƉŵĞŶƚƉƌŽĐĞƐƐ͕͟ 






















































































































































































































































































































































































LEE, COOPER, HANDS, COULTON
5. References




























































































LEE, COOPER, HANDS, COULTON


















































































ƚŚŝŶŬŝŶŐ͖ ĚĞƐŝŐŶ ŵĂŶĂŐĞŵĞŶƚ͖ ĚĞƐŝŐŶ ƉŽůŝĐǇ͖ ĂŶĚ ĂĐƌŽƐƐ Ăůů ƐĞĐƚŽƌƐ




















ŝŶŶŽǀĂƟŽŶ;ǀĂŶ^ƚƌŝĞŶΘĚĞWŽŶƚ͕ϮϬϭϲͿ͘dŚŝƐƉĂƉĞƌĨŽĐƵƐĞƐŽŶopen-source fashion cases 
ƚŚĂƚĂƌĞŝŶŝƟĂƚĞĚďǇfashion design professionals in ĞǆŝƐƟŶŐƌĞĂůͲůŝĨĞƐĞƫŶŐƐ͘tĞĂƐŬ͕ǁŚĂƚ





*Corresponding author e-mail: ŶĂƚĂůŝĂ͘ƐĂƌŵĂŬĂƌŝΛĂĂůƚŽ͘Į
doi: ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϮϭϲϬϲͬĚƌƐ͘ϮϬϮϬ͘ϭϵϱ
ďƐƚƌĂĐƚ͗dŚŝƐƉĂƉĞƌŝŶǀĞƐƟŐĂƚĞƐŽƉĞŶͲƐŽƵƌĐĞĨĂƐŚŝŽŶĂƉƉƌŽĂĐŚĂƐĂĚĞƐŝŐŶƉŚŝůŽƐŽƉŚǇ
ĂŶĚ Ă ƉŚĞŶŽŵĞŶŽŶ ƚŚĂƚ ĚĞŵŽŶƐƚƌĂƚĞƐ ĂŶ ĂůƚĞƌŶĂƟǀĞ ƚŽ ƚŚĞ ĐŽŶĐĞƉƚ ŽĨ ĂƵƚŚŽƌƐŚŝƉ
ŽĨĨĂƐŚŝŽŶĚĞƐŝŐŶĞƌƐ͘tĞĂƌŐƵĞƚŚĂƚƚŚĞĐŽŶĐĞƉƚĐŽŶƚĞƐƚƐƚƌĂĚŝƟŽŶĂůƉƌŽĨĞƐƐŝŽŶĂůŝƐŵ
ŝŶ ĨĂƐŚŝŽŶ ĚĞƐŝŐŶ ŝŶ ƚŽĚĂǇ Ɛ͛ ĚŝŐŝƚĂůŝǌĞĚ͕ ĚĂƚĂͲĚƌŝǀĞŶ ĐƵůƚƵƌĞ͘ /ŶǀĞƐƟŐĂƟŶŐ ŽƉĞŶͲ
source philosophy in fashion design as a dimension of professional fashion designers’ 
ĂƵƚŚŽƌƐŚŝƉ͕ƚŚĞƉĂƉĞƌƉƌĞƐĞŶƚƐƚŚƌĞĞĐĂƐĞƐƚƵĚŝĞƐǁŝƚŚĚŝīĞƌĞŶƚǁĂǇƐŽĨĂƉƉůǇŝŶŐŽƉĞŶͲ
ƐŽƵƌĐĞƉƌŝŶĐŝƉůĞƐ ƚŽĞǆŝƐƟŶŐ ĨĂƐŚŝŽŶĚĞƐŝŐŶƉƌĂĐƟĐĞƐ͘ dŚĞĂƌƟĐůĞďƵŝůĚƐŽŶŵƵůƟƉůĞͲ
















































































































the design philosophies of Atacac, Minuju and Self-Assembly͕ƚŚĞĐĂƐĞƐƚƵĚŝĞƐĨŽƌƚŚŝƐƉĂƉĞƌ͘
























































































































into designing the modularity in detail and into the garments as interfaces, entailing a service 
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5.1 Elements of open source
dŚĞĨŽůůŽǁŝŶŐŽƉĞŶͲƐŽƵƌĐĞƚŚĞŵĞƐǁĞƌĞĚƌĂǁŶĨƌŽŵůŝƚĞƌĂƚƵƌĞĂŶĚŝĚĞŶƟĮĞĚĨƌŽŵƚŚĞĐĂƐĞ
ƐƚƵĚŝĞƐ͘dŚĞŵĞƐǁĞƌĞƵƐĞĚƚŽĂƐƐŝƐƚŝŶƚŚĞĐŽŵƉĂƌŝƐŽŶďĞƚǁĞĞŶƚŚĞĞŵƉŝƌŝĐĂůĐĂƐĞƐ͕ƚŽ
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DŝŶƵũƵ X X X X X





































DŝŶƵũƵ Ɛ͛ďƵƐŝŶĞƐƐŵŽĚĞůďƵƚĞƋƵĂůůǇŽĨ^Ͳ Ɛ͛ĂƐƐĞŵďůǇƉƌŽĐĞƐƐ͘,ŽǁĞǀĞƌ͕ ŐĂŵŝĮĐĂƟŽŶĂŶĚ
ƉůĂǇĨƵůŶĞƐƐĂƌĞƌĞŐĂƌĚĞĚĂƐĂŬĞǇƚŽƐƵĐĐĞƐƐ͘
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in Dialogue: Applying Philosophy of Art in a Global World. ĞƌůŝŶ͗WĞƚĞƌ>ĂŶŐ͘
















































tĞ ƉƌĞƐĞŶƚ ƐĞůĞĐƚĞĚ ƐƚƵĚŝĞƐ ĨƌŽŵ ĚĞƐŝŐŶ ĂŶĚ ,/ ƵŶĚĞƌƚĂŬĞŶ ĂƐ ƌĞƐĞĂƌĐŚͲƚŚƌŽƵŐŚͲ





ƵŝůĚŝŶŐ ƐƵĐŚ Ă ĐƵƌĂƚĞĚ ĐŚƌŽŶŽůŽŐǇ ŽĨ ƉƌŝŽƌ ƉƌŽũĞĐƚƐ ǁĞ ŐĞŶĞƌĂƚĞ ĂŶ ĂƉƉƌŽĂĐŚ ĨŽƌ
ĚĞƐŝŐŶŝŶŐ Ă ƌĞůĂƟŽŶ ďƵŝůĚŝŶŐ ĐŽŶƐƵŵĞƌ ƌĞǁĂƌĚ ƐǇƐƚĞŵ ĨŽƌ Ă ƉƌŽũĞĐƚ ŽŶǁŝŶĚͲďĂƐĞĚ
ĞůĞĐƚƌŝĐŝƚǇƉƌŽĚƵĐƟŽŶ͘tŝƚŚƚŚŝƐǁĞƐŚŽǁƚŚĂƚƐƵĐŚĂĐƵƌĂƚĞĚĐŚƌŽŶŽůŽŐŝĐĂůĂƉƉƌŽĂĐŚ




































































































































































































































































































































































































ŚŽƵƐĞŚŽůĚĞŶĞƌŐǇĐŽŶƐĞƌǀĂƟŽŶ͘Journal of Environmental Psychology͕Ϯϱ;ϯͿ͕ϮϳϯʹϮϵϭ͘ŚƩƉƐ͗ͬͬĚŽŝ͘
ŽƌŐͬϭϬ͘ϭϬϭϲͬũ͘ũĞŶǀƉ͘ϮϬϬϱ͘Ϭϴ͘ϬϬϮ
ĂĐŬůƵŶĚ͕^͕͘'ǇůůĞŶƐǁćƌĚ͕D͕͘'ƵƐƚĂĨƐƐŽŶ͕͕͘/ůƐƚĞĚƚ,ũĞůŵ͕^͕͘DĂǌĠ͕Z͕͘ΘZĞĚƐƚƌƂŵ͕:͘;ϮϬϬϲ͕










ŽůĞƐ͕͕͘ΘZŽƐƐŝ͕͘;ϮϬϭϯͿ͘The Italian avant-garde, 1968-1976.
ŝ^ĂůǀŽ͕͘;ϮϬϬϵͿ͘ĞƐŝŐŶĂŶĚƚŚĞŽŶƐƚƌƵĐƟŽŶŽĨWƵďůŝĐƐ͘Design Issues͕Ϯϱ;ϭͿ͕ϰϴʹϲϯ͘















&ƌĂǇůŝŶŐ͕͘;ϭϵϵϯͿ͘Research in Art and Design͘ZŽǇĂůŽůůĞŐĞŽĨƌƚ͖;ZĞƐĞĂƌĐŚWĂƉĞƌƐϭ͗ϭͿ͘





'ĂǀĞƌ͕ t͘;ϮϬϬϵͿ͘ĞƐŝŐŶŝŶŐĨŽƌ,ŽŵŽ>ƵĚĞŶƐ͕^Ɵůů͘/Ŷd͘ ŝŶĚĞƌ͕ :͘>ƂǁŐƌĞŶ͕Θ>͘DĂůŵďŽƌŐ;ĚƐ͘Ϳ͕(Re)








,ĞŵĂƵĞƌ͕ ͕͘Θ<ĞůůĞƌ͕ Z͘;ϮϬϭϯͿ͘A Chronology of Energy and Artrelated Developments (K. 
tĂůĐŚĞƚƵƌŵ͕Ě͘Ϳ͘ĚŝǌŝŽŶŝWĞƌŝĨĞƌŝĂ͕>ƵĐĞƌŶĞͬWŽƐĐŚŝĂǀŽ͘ŚƩƉƐ͗ͬͬǁǁǁ͘ŚĞŵĂƵĞƌŬĞůůĞƌ͘ ůĂŶĚͬĞŶͬĂͲ
ĐŚƌŽŶŽůŽŐǇͲŽĨͲĞŶĞƌŐǇͲĂŶĚͲĂƌƚͲƌĞůĂƚĞĚͲĚĞǀĞůŽƉŵĞŶƚƐͬ
,ĞŵĂƵĞƌ͕ ͕͘<ĞůůĞƌ͕ ZŽŵĂŶ͕ĂƐƟŶŐ͕ĂƌďĂƌĂ͕Θ,ĞŵĂƵĞƌ͕ ͕͘,ĞŵĂƵĞƌ͕ ŚƌŝƐƟŶĂ͕<ĞůůĞƌ͕ ZŽŵĂŶ͕
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Signs of the Time: Making AI Legible
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